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Breast cancer is the most frequently diagnosed cancer and the leading cause of cancer death in females worldwide.\[[@ref1]\] Approximately 10--15% of patients will develop metastases in the first 3 years after diagnosis,\[[@ref2]\] and metastases detected 10 years or more after primary diagnosis are not unknown. Common sites for breast carcinoma metastases include lung, bones, lymph nodes, liver, and pleura;\[[@ref3]\] cytology is frequently used to assess suspicious masses in these sites. In addition, although uncommon, lymph node metastases may be the presenting symptom for occult breast carcinoma.\[[@ref4]\]

Discriminating metastatic breast carcinoma from other primary or metastatic malignancies is important for determining optimal management, but may be difficult on fine needle aspiration (FNA) when based on cytomorphology alone. The diagnostic accuracy and precision of FNA in this setting can often be enhanced by the adjunctive use of immunohistochemistry (IHC). Until recently, reliable IHC identification of breast as the primary site of metastatic malignancy has been limited by a lack of markers with both high sensitivity and specificity.

GATA3 (GATA binding protein 3 to DNA sequence \[A/T\] GATA\[A/G\]) is a member of the zinc finger transcription factor family. It is involved in development and differentiation in many tissues and cell types,\[[@ref5][@ref6]\] including control of cellular proliferation and movement, and is reported to be a sensitive and specific marker for urothelial and breast carcinomas in tissue sections.\[[@ref7]\] A role for IHC detection of GATA3 has been suggested in serous effusion specimens,\[[@ref8]\] and two studies have indicated that GATA3 may be a valuable aid in the identification of breast carcinoma in FNA specimens.\[[@ref7][@ref9]\]

We evaluated GATA3 expression in FNA specimens, including samples from a range of body sites and types of metastatic malignancy where the differential diagnosis of breast carcinoma is likely.
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Institutional approval for the study was obtained and a total of 111 cases reported between 2011 and 2016 were selected for inclusion. All cases had a diagnosis of metastatic malignancy reported on FNA and a cell block containing diagnostic material. The cases had a known history of a primary tumor and/or subsequent or concurrent histology. Many cases, including all metastatic melanomas, also had supporting IHC results. The cases included 87 lymph node aspirates (head and neck region: 35; axilla: 42; inguinal: 6; mediastinal: 3; celiac: 1) and specimens from bone (8), liver (5), lung (6), pelvic mass (1), back (1), and chest masses (3). The 43 metastatic breast cases included 34 ductal carcinomas, 3 lobular carcinomas, and in 6 cases the original histopathology report was unavailable. Cell blocks were prepared using an agar method, as previously described.\[[@ref10]\]

All IHC stains were performed on a Ventana Benchmark Ultra instrument (Ventana Medical Systems, Inc., Tucson, AZ). Sections for GATA3 IHC were subjected to epitope retrieval using CC1 (Ventana) for 32 min prior to incubation with GATA3 monoclonal antibody (BD Pharmingen, BD Biosciences, San Jose, CA), 1:7500 dilution for 32 min at 36°C, followed by OptiView (Ventana) detection system. TMA sections containing positive and negative breast tissues were applied to each slide.

Stained sections were scored positive if \>5% of malignant cells showed nuclear staining for GATA3.
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[Table 1](#T1){ref-type="table"} summarizes the results of GATA3 staining by primary tumor type. Ninety-one percent (39/43) of metastatic breast carcinomas and 75% (3/4) of metastatic urothelial carcinomas were positive. All other tumor types were negative except one pancreatic adenocarcinoma metastatic to the liver. All positive cases showed intense nuclear staining in a majority of tumor cells \[[Figure 1](#F1){ref-type="fig"}\].
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GATA3 staining results for metastatic malignancies in cell block sections from fine needle aspiration specimens
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![Fine needle aspiration of metastatic breast carcinoma in an axillary lymph node. (a) Smear (Pap stain ×400). (b) Cell block. (GATA3 ×200)](JCytol-35-90-g002){#F1}

All metastases from known estrogen receptor (ER)-positive breast cancers were GATA3 positive. In addition, 9 (64%) of the 14 cases that were ER negative were GATA3 positive. Eight cases were metastases from triple-negative breast carcinomas (TNBC), and 3 (37%) of these were positive for GATA3.
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FNA cytology is a reliable tool for investigating suspected metastatic malignancy in a wide range of body sites. Enlarged lymph nodes in particular are a common target for FNA sampling. The diagnosis of metastatic breast carcinoma in lymph nodes using FNA has been shown to be an economical, sensitive test with a high specificity.\[[@ref11][@ref12]\] Cytological interpretation of specimens and identification of malignant cells is usually straight-forward based on the recognition of cellular cohesion and nuclear atypia. Metastatic lobular carcinoma may pose some problems due to the commonly encountered dispersed pattern, small cell size, and low-grade nuclear changes; however, FNA diagnosis is reported to be no less accurate than for metastatic ductal carcinoma.\[[@ref11]\] However, cytomorphologic discrimination of metastatic breast carcinoma from adenocarcinoma arising in other sites or from adenocarcinoma mimics, such as melanoma, may be problematic.

IHC stains that have previously been used to indicate a breast origin for metastases have been limited by poor sensitivity and variable specificity.\[[@ref13]\] Keratins 7 and 20 allow broad localization of a possible primary site but additional staining panels are required to improve tissue specificity. Gross cystic disease protein (GCDFP-15) has been reported to have high specificity for breast carcinoma, with most mammary tumors expressing the antigen, along with occasional sweat gland, salivary gland tumors, and a small proportion of lung adenocarcinomas. However, it has poor sensitivity, with staining reported in tissue samples from 41--73% of breast carcinomas.\[[@ref9][@ref14][@ref15][@ref16]\] A study of FNA and body fluid specimens examining 23 primary and metastatic mammary carcinomas and 20 nonmammary tumors reported 100% specificity but only 56% sensitivity with GCDFP-15.\[[@ref17]\]

Mammaglobin is more sensitive than GCDFP-15 but less specific.\[[@ref15]\] IHC studies of tissue samples have reported mammaglobin staining in 48--72% of breast carcinomas, 11--39% of endometrial carcinomas, 40% of sweat gland carcinomas, 20% of salivary gland tumors, and rare lung adenocarcinomas.\[[@ref15][@ref18][@ref19]\] Both GCDFP-15 and mammaglobin are also less likely to stain cases of triple negative breast carcinoma (TNBC). Huo *et al*. found GCDFP-15 and mammaglobin staining in only 21% and 41%, respectively, of metastatic TNBC.\[[@ref20]\]

ER and PR have also been utilized to confirm metastatic breast carcinoma, but both receptors are commonly expressed in gynecologic malignancies,\[[@ref3]\] and pulmonary adenocarcinomas occasionally express ER.\[[@ref16][@ref21]\] There are few published studies examining the performance of these breast tissue markers with FNA specimens, but these appear to confirm the limitations highlighted in IHC studies of surgical specimens.\[[@ref22]\]

Recent IHC studies suggest that GATA3 may be a more effective marker.\[[@ref7][@ref23][@ref24]\] Lui *et al*.\[[@ref7]\] assessed GATA3 expression in a large number and range of tumors and tissues and reported positive staining in 94% of breast carcinomas and 86% of urothelial carcinomas. Other nonmammary tumors were negative except for rare endometrial carcinomas. GATA3 expression has also been reported in normal and neoplastic parathyroid cells, T-cells, and both Hodgkin and nonHodgkin lymphomas; however, among epithelial tumors, GATA3 has relatively high sensitivity and specificity for urothelial and breast carcinoma, including expression in all histological subtypes of breast carcinoma.\[[@ref7][@ref24]\] Studies examining GATA3 expression in cell block preparations from serous effusion specimens confirm the superior sensitivity of GATA3 for metastatic breast carcinoma compared with mammaglobin and GCDFP-15.\[[@ref8][@ref9]\]

Two small studies have examined the utility of GATA3 staining in FNA specimens. Liu *et al*. reported 88% of 17 cases of primary breast carcinomas and 82% of 22 metastatic breast carcinomas tested positive for GATA3. Braxton *et al*.\[[@ref9]\] found 75% (21/28) of FNAs with metastatic breast carcinoma to be positive. This was significantly more sensitive than mammoglobin or GCDFP-15. Neither study addressed the specificity of GATA3 staining in FNA specimens. We examined GATA3 expression in a range of metastatic adenocarcinomas, melanomas, and urothelial carcinoma cases.

Ninety-one percent of 43 metastatic breast carcinomas were positive in the current study, confirming the high sensitivity reported in previous cytology studies.\[[@ref7][@ref8][@ref9]\] In all positive cases, a majority of cells showed strong nuclear staining. Braxton *et al*.\[[@ref9]\] found GATA3 staining of cell block specimens to be correlated with ER status. Our findings are similar, with all four of the GATA3 negative cases also ER negative. However, 64% (9/14) of the ER-negative cases and 37% (3/8) of the TNBC were positive for GATA3, indicating that it may be a useful, although less sensitive, marker in cases with negative receptor status. Previous cytology studies have found GATA3 staining in around half of TNBCs.\[[@ref9]\] The current study did not assess the relative sensitivity of GATA3 with other markers for breast origin but the sensitivity described is superior to that reported for previously used markers.\[[@ref9][@ref17]\]

We found GATA3 to have high specificity among metastatic adenocarcinomas, with only 1 of 44 nonmammary metastases positive. The exception was a case of pancreatic ductal carcinoma metastatic to the liver. Although Lui *et al*.\[[@ref7]\] found no staining in 28 histological cases of pancreatic adenocarcinoma. Miettinen *et al*.\[[@ref24]\] more recently reported GATA3 IHC staining in tissue from 37% of 62 pancreatic ductal carcinoma cases. IHC staining of tissue sections have also found a high proportion of urothelial carcinomas express GATA3.\[[@ref7][@ref24]\] We examined only a limited number of urothelial carcinoma (UC) cases in the current study, finding staining in 3 of 4 cases. Brandler *et al*.\[[@ref25]\] reported GATA3 to be a useful marker for metastatic UC in cytological specimens, staining 78% of 32 FNA cases of metastatic urothelial carcinoma. In particular, they suggested a role for GATA3 in helping to discriminate metastatic urothelial carcinoma from squamous cell carcinoma.

The expression of GATA3 by other nonmammary carcinomas should also be considered when interpretting IHC results. Tumors most likely to be sampled by FNA that may express GATA3 include salivary gland and pancreatic ductal carcinomas, cutaneous squamous cell carcinomas, and skin adnexal tumors, such as pilomatrixoma.\[[@ref24]\] Despite this moderately broad tissue specificity, staining for GATA3 may still have a useful role in FNA cytology in helping to resolve differential diagnoses when breast carcinoma or urothelial carcinoma are a consideration. The distinction between lung and breast adenocarcinoma, both typically CK7 + and CK20-, is a not uncommon problem in FNA cytology, and one where other described breast markers have been of limited value.\[[@ref26]\] We found none of the 13 metastatic lung adenocarcinomas in this study to express GATA3. IHC studies of tissue sections have also found none or only rare lung adenocarcinomas to be GATA3 positive.\[[@ref7][@ref16][@ref24]\] In this setting, GATA3 may be a more useful addition to a panel including TTF-1 and/or NapsinA than previously used markers such as GCDFP-15, mammaglobin, or hormone receptors.

Discriminating metastatic breast carcinoma from other nonglandular malignancies may also be problematic in some settings. Lymph node masses in melanoma patients are commonly sampled in our practice. The morphological similarity of melanoma to metastatic breast carcinoma in cases presenting with a dispersed population of plasmacytoid cells with eccentric nuclei can be problematic and may lead to misdiagnoses.\[[@ref27]\] The problem is exacerbated when no primary site is known or when a history of melanoma is not provided. In addition, as many as 11% of patients with melanoma undergoing FNA will have a second malignancy.\[[@ref27]\] Tissue studies to date have found metastatic melanoma to not express GATA3,\[[@ref7][@ref24]\] and in the current study, all melanoma cases were negative, suggesting that in this setting the use of GATA3 with a panel of melanoma markers may be useful.
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In summary, our findings indicate that, providing the multi-specificities of GATA3 are taken into account it is a useful addition to IHC panels for FNA specimens in specific settings where metastatic breast or urothelial carcinoma are a consideration.
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